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than previously suspected and early environmental influence on rection of science and math teaching is grounded in this theory, 

which stresses the use of a teaching/learning cycle and explo- 
Fred Johnson served as president of the National Science Teachers rations through the manipulation of objects and materials. 
Association from June 1997 through June 1998. “Developmentally appropriate practice” — a curriculum based on 



what is known about young children — should drive instruction These programs may compensate for a child’s lack of stimulation 




v 

o 

6 

fe' 

-5 

In 

-5 

c 

o 

6 



3 

0 

1 

Oh 

(U 

-s 



CL, 

S. -9 

a ^ 



c 

B 
c 

2 

g 

c ” 
O 

.X^ to 

c > 



c 

(U 

Ul 

2 

15 

u 

-o 



-C 
u 



e 3 



.S -5 



:3 

U 



c — r 

.-H 

-T3 *w 
C c 



c 

.2 

’w 

rt 

u 

3 

-o 



-o 

o 

o 



(U 

W) 

c 



o 

a. 



-C 

u 



V 

Lm 

OJ 

in 

U 

C 

o 



-o 

c 



c 

bO 



-d 

c 

V 

-C 



(L> 

nJ 

c 

<l> 

l-l 

I2 

15 



rt 



T3 

rt 



C 

3 

U-l 

O 

CL, 

CL, 

O 

*5 

c 

o 



*5 

d 

.2 

3 

3 

-o 

u 



_D 

(/3 

3 

5 

>N 



3 

’u 

V 

Cl, 

to 

3 

> 



-d 

c 



'n ^ 



u 

3 

"d 



o 

o 

-d 

u 

Crt 

(L> 

u< 

CL, 

b 



2 

rt 



3 CO 

cr .2 



-3 

W) 



W) 

3 

'D 

3 

rt 

.5 

£5 



(U 

Z2 

-3 

I 

CO 

QJ 



CO QJ 



-Q 



"d 

3 

l5 



'5 CL, 



■d CL, 



o 

5 

V 

-Q 



3 

-5 



O 



bb 

8 s 

CL '5 

"o 

o u 

1 

8 ^ 
^ CO 

2^ s 

l 2 -d 
<L 5 



-S 

_3 

■d 

I 

3 

(U 

o 

5 

-3 



3 

’D 

s 

3 

C3 

(U 

-D 

-d 

3 

o 

-3 



52 lu -o 

C js w 

.2 c 

*C bX) 

g 3 

^ 

2 ' 

6 6 



CL 

(U 

IM 

CL 

O 



■d 

(L> 

(U 

3 

(L> 

-3 

(L> 

N 



U 

(L 
bX) 
3 

15 

•I' I 

O QJ 

'3 3 

c^ Z 

Cl rt 

2 3 



■WD 

3 

O 



3 

b£) 

O 

u 

(U 



CL 

,P 



rt 
<u 

■d 
o 
o 
(L> >3 

C ^ 
o ^ 



^ -d 

3 2 5 

CO 

3 ^ 

O 

^ "o W 

C) -5 
H -3 
OO u Lm 

2 p ® 



OJ 



5 

rt 

bX) 

O 



O 

o 

-3 

u 

CO 

CL 




designed preschool education for three-, four-, and five-year-olds. technology education. 



z 

o 



< 

u 

D 

Q 

UJ 

>- 

O 

o 

z 

X 

u 

UJ 

D 

Z 

< 



u 



UJ 

X 



UJ 

U 


c/5 

C/5 

2:^ 

Cu, 


si 

•*«k 








z 

UJ 


C 


:s 


-C 




1 


U 


C 

o 




oo 

(U 




s; 


•yt 

a 


U 

s* 




<u 




8 


o 






1 






o 


s 

2i 


^5^ 




c\ 





X 

u 



< 

UJ 

Z 

O 



D 

O 



ERIC 






I 



VO 

CN 

ON 



(/) 

OJ 

u 

c 

OJ 

OJ 



> 



0 



"S 

C>D 










G 

O 
• ^ 

~a 

§1 



-d 

U 



o 



rt-fH 

C H 
■- 

43 c! 

^ rt 

S «r 

< 

i 

i-H (U 

S3 

(U 'M 



<7i 



(U 

u 

G 

tu 

• 

O 

CiO 



>! 






T 3 

C 

CJ 



<u 

u 

C 



<U ID c 

j:^ -C 5 

w O 



(D 

-g 

bJD 

d 

'> 

g 



> .5 



ITN 

o 

CO 

-d 



3 

O 

-Q 



-d 



-3 

c ^ 

S u 

•d ^ 

^ I 

o X 



jg 
u 

W) 
d CL) 

1^ 

^ 2 



d 

o 

rt 

u 

3 

H3 



rt 



&B 

_o 

o 

d 

-d 



o 

-d 



2 -g 

i! I 

bX) ^ 

OJ (D 

^ s 

^ O 
u 



QJ 

-d 

CO 

<u 

-d 



o -d 

— r- U -d 



OJ C 



O 

T3 2 

a. -d 
a g 

'5 2 
a" -S 
t) 

cti ^ 
1> 2 






d 

cs 

g 

<u 

W) 

d 



"d 

d 

rt 



.2 -5 



d 

3 

bH 

o 

a 

a 

o 



ct: 

<u 



d isi 
rt Id 

rv 

^ .3 

.2 > 

n (u 

Ctf bH 

E a; 
2 ^ 
-d — ' 

rt k2 

g ^ 



c3 

-ii T3 



o 

-d 

d 

<u 



o 

u 

-d 

rt 

-d 



o 

W) 



d 

rtf 43 
O rtf 



3 ,;2 



45 

u 



-d 

<u 

> 

.2 

”03 

-Q 



o 

d 

3 

-Q 



d 

bH 

rtf 



-a -d ^ 



D 

-d 

ctf 

B 


8 

c 

.2 


-d 

s 


d 

<u 

S 


■13 

-Q 

_o 




*u 


a 




"5b 


2 


on 


cyo 


►> 

Q 


1) 


q5 


C-bH 

o 


2: 


Uh 

a 


-d 



.2 0.5 



bJO o 
^ d 



rt -d .2 




-d 

4-1 

a 


45 

bJ 

(U 


bH 


g 


bH 


o 


bJD 

O 


rt 

<u 

CO 




u 


s 

w 


14) 

W) 

rtf 


4) 

bH 

(A 

w 


"o 

a 

'd 


Q 

c 


o 




(O 


s 


o 




v4&^r«^ A/. Champion is professor of mathematics at Grand Valley With so much synergy at work, how can the National Science 
State University in Grand Rapidsy ML Foundation afford not to support projects carefully crafted to 



o 

ERIC 



2 

O 

P 

< 

u 

D 

Q 

ui 

>- 

O 

o 

2 

X 

u 

u) 

H 

Q 

2 

< 



U 

P 

< 

LU 

X 

H 

< 



UI 

U 

2 

UJ 

U 



Q 

O 

O 

X 

Q 

X 

u 



< 

UJ 

2 

O 

LU 

u 

o 






o 

'S 

.s 

W) 

.s 

c 



-ra 

ctf 

W 

s 

Ul_( 

o 

i-i 

o 



-o 

3 

I 



-5 

</5 

’7^ 

C/5 

o 

Oh 

o 



rd 

e 

<L> 

-s 

cd 

B 



o 

a, 

o 

Uh 

P-( 

e 

o 

p 



M 

3 

(U 


o{ 

bO 


-1 


w 

O 

3 


t/5 

1) 


t 

CL, 

o 


iT 

u 


a 


.a 


O 


<u 


a. 




3 


a. 








a 




'5 


3 

U 

<u 


3 

s 


M 


U 

_<u 




-T3 

3 


Cfl 

(A 

3 



B 

1-1 

,o 



<u 

-g 

c 

o 



T1 ^ 

u 
<u 



5 'S 



•a s 
3 a 



S3 

«/3 

T3 



W) 

C 



o 

W 

w 



T3 

s 



G 

.2 

3 



I 



i 



r's 

8 f 

S 

^ <L> 

-D u 



'3 

3 

O 

C/D 

bX) 

C 



rt «-i 
qj Q-< 

H > 

c ^ 

3 

C 

V "O 

^ c 

O ,3 
> Cm 

.S 



H 



SB 

3 

"o 

3 



3 

Cu 

W) 

3 



Uh 

C/5 

2 : 



"T3 

O 

O 

-C 

H3 



a. 

<L> 

e 

o 

-C 



o 

<u 

T3 

3 



B 

V 

-S 

cd 

B 

<D 

> 



rt 

-a 



rt 

J3 

Uh 

C/0 

2; 



J2 <u 

« a 






^ I 

■S 

.-V U 

11 



a 

u 

<L> 

<L> 

XJ 

O 



-o 

3 



i 

3 

_3 

W) 

_3 



X 

3 

Cfl 

3 

O 

CA 

3 

u 

c2 

rt 

X 



rt 

> 


3 

3 


.a 


Uh 


lit 

c2 


w 




-o 

o 

o 


T3 


c/5 

s 


-d 




s 


3 

O 




1 



Uh 

C/5 

2 ; 



3 

rt 

M 

O 

a. 

a 



rt 

Oh 



Sb 

3 

’o 

3 

jG 

u 



-O 

3 



"o 3 




LO 






a 



ing Sense of the World 




-d 

dJ 

G 


u. 

<U 

-C 

50 

3 


» 

o 

<u 

■6 


home 


dJ 

JG 

t/5 

w 

rt 


u 

to 


rt 

"T3 


U 

S 


50 

G 


■6 


,o 


>> 




’u 


rt 


"T3 


S 


.2 

*G 




<u 

Vi 


"b 


O; 


Vi 


dJ 




O 


o 


Uh 


dJ 


U 




dJ 


O 




rt 

JG 


3 


"T3 

03 

C 


c 

dJ 


we 


dJ 

JG 



(L> 

B 



to 

G 

i 



-5 



(L> 

2 ^ 

rt 2 

O ^ 

S o 

2 c 

WJ 

w 

(U .G 

^ 5/J 

-§ 
(/5 2 



-G 

"T3 



T 3 

G 

G 



rt ^ 



rt 

-G 



e 

o 



"T3 

<U 

u 

G 

G 

O 

G 

G 

rt 



Cu 

B 

G 

-Q 

Vi 

T3 

G 

O 



-S a ^ 



W) 

G 



*2 



G 

-a 



X 

G 

rt 






JG 

"G 

o 



e 

"T3 

§ -5 



(U 

-s 

O 

-G 

u 



-s 



G 

3 

QJ 

CQ 

-d 

0^ 



rt 

JG 



^ "7? 



rt -G 
tkO ^ 

a ^ 



u 

U2 



o 

-o 

G 

2 

-o 



<u 

-G 

IX 

-a 

iH 

G 

w 

rt 

G 



-Q 

O 



<U 

JG 



-S 



8^ ^ 
»- (U 

^ & 



yj ^ 



jG 

u 



-b <u 

Ol, 

^ d 

^ tH 
0> 

6 J 3 

O 12 

' W3 

to V 

c -2 



H u 



.G ^ 



g tj 

s 

X 
o 



rt 

JG 

u 

(U 

■6 



3 s 

-G .2 



3 i 

cd 



Vi -T^ 

.2 w 

o ^ 

<L> ri 

"2 ’TG 
ci 
JG 
dj 



(U 

JG 



0 

e 

1 

w 

rt 

JG 

G 

PQ 

rt 

G 

<o 

B 

o 

G 



JG 


CL. 


JG 

C/3 


03 

dJ 


’o3 

> 


1 


03 


dj 


G 


”3 


T3 




y 


T3 






c 




3 


rt 


G 



PG 

<U ”T3 

UH 3 

s ^ 

J 3 o 

^ 1 
-s ! 



3 g 

i § 



! 



<u 

-Q 



-I 

IX 



IX 

o 

dJ 

IX 



c3 

CL. 



o 

G 

JG 

u 

(L> 



il 



U 

G _ _ 

dj ‘rt *rt 

d 

IX 

d 



e 

G 

.2 

*G 

dj 

d^ 

S 



^ S 



-S 

rt 

B 

2 

G 

dj 






"T3 

8 

G 

G 

O 

u 



i3 

o 

0 

JG 

i3 

1 



3 ^ 



-s 



(U 

■s 



?■ -8 



t! 

C3 

6 

-2 



g ’2 

-Q g 
G ^ 

2 ij 

I I 

eoD -2 

3 tj 
o ^ 
X G 
>- 2 



CL. -g 



o 

o 



G 

JJ 

-2 

-o 



-g 

§ 

I 



CL. 

G 

B 



rt 

G 

I 



dj 

tkO 

-a 

dj 

o 

2 

dJ 

"I 






dJ 

.S 

JG 

u 



! 



(U V 



B ^ 

-T3 -S 
§ ^ 



-d 

2 

"T3 



-o 

G 



T3 

G 



JG 

50 

G 

O 



^ "O 

M dJ 



<u 

G 

O" 

2 

dJ 

"I 

-rf 

dj 

§ 



dJ 

JG 







that 


t4-l 

o 




<D 

-Q 


uo 


Vi 

G 

O 


b. 

CL. 


§ 




*4-t 

o3 



52 cj 



JG 

50 

G 



JG 

u 



CJ 

"S. 

X 

I 



ID 



t ^ 

o ^ 

^ - 
o 



R 

I 

I 

•53 



I 

t 



CD 



'00 




American Association for the Advancement of Scii 



DIALOGUE ON EARLY CHILDHOOD SCIENCE. .M AT H E .M AT I C S , AND TECHNOLOGY EDUCATION 



.s 

'■a ' 

rt > 






C S 



£X -5 
-2 S 

T3 



O 

lU 

3 

13 



C 

2^ 

-d 

ra 

J3 



^ a 
s S s 



■r -5 -n 



2- 
B Z 

.W Q 

(D 3 
^ .^2 
bJD w 
C ^ 

•5 -c 
(/} ^ 
p ~ 



CL, 

s 



535 c 
3 y 

tn ^ 

t/5 _ IH 

*- H ^ 

.S -H 

“m 
§■ 

UJ s 



O <y 

OJ "S 

S' 2 

V 



I 

-C 

3 

0 

-S 

1 

S M_g 



> 

ID 


Cfl 

3 




U 

^3 


$ 


ID 

U 


b-, 

0 


H 


1 




13 


ID 

-s 


3 

2 

'u 


b 


IS 

I 3 

u 


d: 

■0 




J" 


W) 

3 

0 

13 


c/3 

13 

S 


> 

0 

CL 

ID 


13 

3 

13 


■g 

Q 




u 

-Q 


Uh 

0 

CO 


-S 

rt 


J3 

H 


.’S 


2' 


•4 

■1 


13 


3 

'5b 

ID 


g 

n 


e 

^a> 



U 

U3 

-o 

s 

-S 



Jr 

•6 



ID 

■f 



T3 

(D 



-Q 

W) 



&- 

(J 

ft) 

oC 

[= 



I 3 

u 

bO 

3 


i 

g 


mentin 
at we k 


ID 


*3 

u 

CO 

ID 

13 


Lm 

0 

ID 

3 


P s 

d 8 
^ "g 


3 


2 


(D ja 


0 


^_, 


c/3 

CO 


0 2 


3 

0 


13 

2 


'a. ^ 
p -5 

ID 


-Q 

rt 

0 

s 


-Q 

I 


cO 

00 

c^ 

hn 


13 2 
3 0 

IS ^ 

(L> 

CO 



o a 
oo u 



-0 

3 



o 

3 

.2 

'3 

(D 



I 

rt 

1 



^ -s H J 



rt 

2 

CL, 

CL, 

rt 



CL, 

oo 



rt 

3 

cr 

t 

vS 

3 

3 



■2 

— , 3 



e 

0> 

15^ 

3 



O 

o 

-3 



13 

3 

cr 

(U 

ft 

2 ^ 
bO o 
3 



O <D 

S^-S 



I ^ s 
^ .s 

<D r- 

-S -a J 

a -5 



*-• O 

s j" a 

E ^ ^ 



(D 

-5 

(U 

-Q 

2 

tP 



T3 

3 

o 

-3 



*3 9 

Cl, tj P 
tr V ji 
w 15^^ 

g s s 

“ U 3 
•D CL, *a 

s 2 2 

^ ??n "S 

O ^ 

226 

^ 






o .2 



13 s 

3 3 

cr 



(U 



u 



^ -s 

2 QJ 

s -§ 

3 S 

,P 2 



:d 



i 

3 

O 

•3 



c 

-o 



o3 -C?* 
Cl, <d 

S ■§ 

-73 

S .s 

:5 2 

3 •- 

c IJ 

s -s 

CL 



Cl 

^ I 

1 1 

g S3 

3 «-. 

2 3 

*S 

-5 

<u ^ 

4-1 

3 '' 
13 






o 

ERIC 



3 

o 

rt 

3 

rt 

"a. 

X 

L> 

3 

rt 

-d 

2 

cd 

"3 



lC 

T3 

-3 

T3 



J3 

O 



ID 

■5 

■5 



3 

3 

8 



S I 

1 1 . ^ 



OJ 



O _ 
^ JC 



e-^ 

o> 'd 



S3 o 



3 

O 

rt 

4 ^ 

3 

ID 

trt 

2 

CL 

rt 

ID 



2 rP 

-S ^ 



^ 13 
C 73 
■n -3 

5 U 

6 ^ 
rt a 

^ Kp 
rt 



-a 2 

3 ^ 

J ^ 

" 1 
ID '3 
txD 5 
T3 



I' 

txD 

3 

u 

4 -) 



T3 

ID 

c/i 
rt 

13 H-( 






-s 

O 

-3 

T3 



JC 

4-1 

rt 



3 

O 

I 

cr 



ID 

1 

3 



c -a 

n n w 



3 

0 

1 

3 

3 



Cl o 

3 ^ 
— t3 

^ L> 

^ s 



T3 

O 

O 



:§ „ 



-3 

u 



S J ^ 



3 13 

2 P 

^ 2 
tfl *2 

3 ^ 
o Zi 



3 

o 

(n 

3 

O 

S 

3 

cr 



ID 

■5 



-Q 

rt 

-s 

ID 

2 

o 



73 13 
_3 ^ 

ti 

u 



^ -Q 

13 

rt 

J3 



be 

o 
13 
3 
8 

.S 



lH S 

S "S 



2 S 

a 1 

Cl o 

1 ■« 



-2 D 

i I 

ID X 

"S ^ 



3 

O 

-g 

txD 

3 



M ■f' 

CL c 3 


1? 

a 


1 


X ID 


0 




^ a; 


13 


bO 


2 -S 


2 

0 


0 


a 13 

g g 

OD ^ 


ID 

33 

2 


>s 

U* 

ID 


ID 4_, 

a 


I — 1 


■5 


ID 

1 s 


ID 

g 


0 

13 


ID CL 

g 0 




S 


CL 'P 


ID 


a 


a t 






CL 13 


CO 


0 



■5 

CL 

I 

13 

13 



ID 
U 

3 Lm 
.2 o 

U CA 

M 

^ s 
^ a 

.e 3 



^ :S 

<D 

2 p 

w 2 

c 3 

P ID 

3 yd 
P ^ 



-Q 

rt 



2 



oj a 
•5 .2 
c ^ 

c ^ 

•3 2 
bH lyi 

^ 13 

§j g 

-£ l2' 
2 

IS "S 

-3 o 
u O 5 



13 

ID 



iS I 

•n i 

3 -6 

o ^ 



:3 13 
^ 13 






0 
-Q 

3 

3 

1 

-3 



CL 

O 



.2 13 

> ID 
C OJ 
3 C 



■4-, 3 

O « 

■d 



! 

-5 

*3 

ID 

■5 



^ 2r. 

O §3 

*5 ^ 
A s 

9 2 
o X 



-S -d 

° -s 
2 ^ 
g 

r! p 

eP 



^ 2 



5 J 0 



ID 



3 ^ 

E .S 



u 

s 



their sense of personal fulfillment. With this much at stake, how aimed at young children have dealt with a variety of science, math- 





In the area of informal education — television, museums, sci- hood education, where it is widely accepted that each child devel- 
ence centers, and the like — some programs and initiatives have ops at an individual pace and gains skills and knowledge in a 

already begun to make these connections. Museum programs distina and personal style. The authors were negative about 



z 

o 

< 

u 

D 

a 

U] 

>- 

O 

o 

o 

z 

X 

u 

UJ 

h- 

Q 

Z 

V 



u 

h- 

< 

U] 

X 

H 

< 

Ui 

U 

z 

ui 



Q 

O 

O 

X 

Q 

X 

u 



oC 

< 

U] 

Z 

o 

U) 

D 

O 

o 

< 




CD 



er|c 



perhaps a water table in the space. By using these to construct time they get to kindergarten? What experiences can we assume 



b 

t 

cS 

d 

d 

t: 

o 

Oh 

Oh 

O 

s 

<u 

Ui 

Q. 

”a 3 

-d 



u 

to 

O 

-s 



-d 



0 

X 

ClJ 

-d 

1 

-d 

b r 

-s 



d 
o 

Oh W 

u 



-d •“ 


kH 


u ^ 


X 


cd o 










d) 


2 j. 


'to 




-2 
O 

=P S -5 



d 

U 






1 ^ ^ ^ 



B 

to 

15 

CO 

B 

U 

O 



8^ 

-d 



w 



d 

o 



I 

15 

kH 

3 

ClJ 

d 



(U 



-O o 

rt £2 
”T 3 



d 



u 

d 

'3 

d 

o 

u 

2 

d 



-s 

w 

U 

2 

QJ 

W 

c 



•3 

-d 

u 

6 

u 

3 

T 3 



-d 

aJ 

a 

3 

£ 

-S 

d 



"O 

a. ^ 

rt <u 

i-i 

d X 
Id 

W) ^ 

.3 IH 

'G "o 

% ^ 
• is “ 

lU 

-s 

T3 

s 

d 



% 

o 

-T 3 

o 

X 

d 

d 

o 



3 O 
^ d 
^ •- 



u 

o 15 

Oh ^ 

S ^ 
J C 

f ^ 

”3 

o .£ 
^ .3 

u 

-b ^ 

0 1 



to d 

c o 
*d g 

r ,p 



rt 

d 

*3 

d 

*3 

3 



^ 3 



>s ^ 

Oh <U 
(U W 



d 

= 3 



W 

W) ^ 

I 






u ^ 
d 



^ .5 n3 



o 



.d ^ 
-d -C) 

IS 

"d 

I 



H'S -S 2 



f 



o -t5 

^ CO 

bX) w 

.3 3 

N O 
n u 

^ d 
o 



u 

'u 

<u 

a. 

to 

o 

n: 

"d 

0 

1 

d 

"T 3 



bX) 

O 

"T 3 



IS 

Id 

u 

15 

d 

-d 

d 



rt 

■5 



.8 
3 

^ 6 
(J <U 

c -5 

.§ c 

kH 3 

<U 

9 ^ iT 
u 



-d 

u 

u 

3 

o 

to 

S 

U 

d 



8 

d ^ 
u u 
•r; to 
^ O 

C /5 J 

-d 
o 
o 

=§ 



>N 

d ^ 

kH ^ 

<u O 
Oh -d 



-d -ct 
"d rt 

W QJ 

P -O 



-d 

U 



o 

d 

IS 

u 

-d 

o 



Oh 

X 



Mot 

*n kJ 



15 


3 

d 


-d 

d> 

3 


kH 

d 


o 

3 

d 


*kJ 

CO 

3 


3 

■5 


-d 

s 


-d 

u 

S 


kH 

(U 


o 

d> 

u 


3 

to 

<U 


of 0 


k>i 

*3 

kH 




k .1 

kH 

o 

Oh 


to 

d 

o 


Oh 

d 


00 


kH 

o 

PLi 


d 

to 

to 


ing 


‘S 

■s 


cd 


Oh 

d 

CO 


‘d 

3 


o 

-Q 

rt 



g S 

o CLh 

U O 
d <u 

^ g 

to ^ 
a. 

So "S 



d 

u 

3 

i 

Id 

u 



o 

-d 



3 

-d 

d 

3 

IS 

Id 

u 



<-! to 

^ -S 

:5 



g ^ 
<u <u 

-3 *s 

S W S-. 



d 

0 

1 

d 

3 

&B 

o 



o 

3 

o 



-d 

liH 

3 

-3 



o 
d 

b 

o ^ 
"o £ 
d ‘3 



15 

o 

bX) 

u 

d 

o 



g 2 

-c ■" 

p 2 J 



O 

C\i 




/ z 






*2 


-S 

Ci 


1 


H 






< 

U 


eS 


Q 

3 

(U 


!0 . 


ITN 


& 


liil'- 


00 


<u 




C\ 


-O 


>- 


,-H 


o 


O 


4-1 

<u 




o 

u 


-d 

E 

i 


3 

c« 

o 


O 


U 


z 


z 


<u 

4 ^ 


X 




d 


u 

LU 


CQ 


rt 

z; 



h* 

o 

z 

< 

V) 

u 

H 

< 

LU 

X 

h* 

< 

lU 

u 

Z 

LU 

U 

lO 

O 

o 

o 

X 

Q 



X 

U 



ai 

< 

LU 

Z 

o 

LU 

D 

O 

O 

< 

o 



O 

ERIC 



CO 



ro 

o 



c/> 

O) 

U 

c 



PQ 

'rf' 

c 

o 

B 



cn 

00 

CN 

bxi 

.B 

'm 

a. 

CO 



(N 

l/N 



H ® 

^ o 

^ -C 
o 

o ^ 

S 2 

^ B 

> 8 



e 'S :? 



c 

4-1 

-C 



-5 

rt 

-s 



^ B 



rt 

<D 



O 

O 

-5 



rt 



E _g 
o > 

u > 



2 

'S ^ 

rt 

PC 



-5 

<u 

J=! 

<u 

4-1 

rt 

d 

O" 

(U 

■s 



o 

CL, 

a. 

3 



■n -S 






(L> 






o 

'H 

3 

E 
E 

§3 8 

^ (U 



■5 

J3 

4-1 



-d 

IE 






.s 

3 

'TS 

rt 

OJD 

c 



-d 

4-1 

'TS 



I 

rt 

■5 



■0 

(U 

(U 

y 

d 

to 

■5 



^ -S 

^ c 
o o 

'I 'S 



gi c 

> 3 



<U 73 



3 



d 

CQ 



rt 

3 

0 

d 






CO 

U 

• ^ 

a 

<u 

w 

OlJ 



^ Si 
0> 






"T3 

to ^ 

c •> 

.2 t 

*-* '3 

S "S 

3 03 

"T3 i- 

•u a 
3 

^ H 

O rt 
c/5 tl 

13 

o <o 

"S .Si 



c 

^o 

i 

3 

-o 



0 

>s 

-S 

1^ 

1 



WD 

O 



3 

O 

-D 

03 

t 

O 



o 

u 

<u 

15^ 

3 

Vi 

to 

c 



t 

i s ^ 

u S ^ 

"O bO 

S-S I 

O o C 

U w 3 



S5 W) 

'H 

C^c2 

(L> 

3 

*co 
w 

3 



v^- 



<U 



0> 

j:: 



o 

cfc 

t/) 

W) 

.2 

c 



0> 

-g 

B 

3 

O 

-Q 

03 

O 






-s 

I 

Ui 

(L> 

Q. 

03 

Q. 



H 




i 



c o -b 

X _ 

^ 2 ^ 

S S3 3 

CC -t3 05 

3 
o 
u 

t-l 

<L> 

Q. 



3 

OJ 

-o 



-T3 

*> 

O 



O T3 

3 § 

bb g 

3 ^ 



-D 

O 



3 

-o 

u 



s 



o 

3 



T3 

O 

O 

to 



3 

(U 

£ 
<u 
> 
<L> 

4. 

Oh rt 



(L> 



/Si ^ 13 
T3 

(L> 



o ^ CL 



03 

CL "3 
3 3 



O 



v« 03 
U 

<L> <X3 
u ^ 
•a u 
tj w 
03 CL 
^ CO 
CL 



rt 

-3 

rt 

-T3 

3 



"3 

3 

rt 



ri 

3 






^ -5 

.3 .3 
E tJD 

"C 3 

^ -3 

a. c 

03 



O 

CL 



<U 

U 

G 

<u 

U 

OO 

'Td 

O 

O 



U 



G 

O 
• ^ 

CJ 



ci ^ 



o o 



G ^ 

^ CN 



§-^ « 
2^ J 

o H ^ 

(Jh 0^ 

ii c J 

oi 



H 



a 

55^ 



-3 

u 



B 

■I 



3 to 
S 3 
*C *3 



"3 

<u 



2 

0-1 

X 

-Q 

"3 

IL> 

3 

i 

O 



S .2 



o 

3 



ID 

U 

3 

.2 

‘0 

CO 



■5 'S 

e -e 

”T3 03 

S e 

s -s 

u nj 

.§ .e 

u 



-c - <o 

i o -S 



IL> 

3 

£ 

p 



3 ”T3 
2 O 

£ o 

s 3 
I -s 






2 ^ 
73 <L> 

s 

1 s 

3N 

2 CTN 



i2 -t3 

ui qj 

U 3 
CL O 
X "o 



So "3 
^ -3 



S 



"3 



> 

^3 

IL> 

JC 

H 



-3 3 

O ‘C 

JC 03 

y 3 



3 3 

.2 -o 

3 ^ 

.s 



K 2 



bJD 

_o 

"o 

3 



S § 



Q -d 
o 
o 



« ^ 
(u H 



3 .2 

3 .3 3 u 

cS 2 ■ 

o) £ 2 

g 3 -S 

*D O "t3 £ :5 

^ u q C 3 

s f 12I-S 

<u 3 
3 qj M 

3 C) 

u -n 3 3 

<L> *C 2 3 

|1i 
slfl 

S -g £m3 

a S 

CO ^ 



S-B 

^-3 , 

i *- u 

-s 

‘u S 

3 ^ ■ 

<L> 



3 

O 

u 



CO ^ 

^ U <L> 

2 ‘5 ”3 

-s i 8 . 

B S-S 



3 

£-5 

£ g 

o 5 




Jacqueline R. Johnson is professor of sociology and chair of the Science Assessment in Early Childhood Pro- 

department of anthropology and sociology at Grand Valley State grams” (page 106), Edward Chittenden and Jacqueline 
University in Allendale, ML Jones recount a kindergarten class’s observation of a 
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mathematics, and technology; and (3) the growing number of new educational setting with highly qualified professionals in charge, 
technologies opens up myriad possibilities for preschool learning. For many others, however, the pre-primary experience takes place 
These faaors are discussed in the following seaions. in daycare centers or private homes — licensed or unlicensed — 



where workers are poorly paid and largely untrained and where is a sense that the literacy people got there first. In other words, 
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(page 87) the teachers task is to help children “re-invent” their In addition, Gelman calls our attention to the difference between 
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the effective recruitment and retention of qualified, competent fostering the child’s social, emotional, and physical develop- 
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many public schools (and parents and legislators) have advo- knov^ledge meaningful to children in each program segment, the 

cated curricula and teaching methods that are more likely to format still relies heavily on rote counting and alphabet naming, 

raise childrens scores. Whole-group, direct instruction is most Other television programs, such as Mr. Rogers y fit math and 



science concepts into everyday contexts, focusing on meaning “academics” as do mainstream children. Children 



1 1 



o 

-d 



B 

o 



o 

-d 

s 

"o 



o 

o 

-C 

u 

s 

a. 

-d 

c 

t! 

cJ 

O 



is o 






-C 

u 



oo 

SV 

s ^ 

DC i 

3 

s ^ 

6 
o 
u 

c 



-d U 



Cl, 

(N 

VTN 



0 

1 

<D 

OJ 

Ul 

■5 

<U 

'5b 



_o 

'5b 



"d 

o 

o 

I 

Id 

u 

<u 

b 

d 

cr 

4 ) 



o 

:i: 



a. 

-d 

rt 

O 

i-i 

-D 

W) 

.s 

'5 



a 


a. 


1 


^co 




c: a 

o Uh 


o 

(N 

s 


<L> 

■5 


. 

*? 


<u 

-Q 


Cl. O 


-s 


jj. 


rt 


O 


S) a 

cJ 


k. 

£ 


a 

u* 

cti 

d 

d 


d 

0.) 

k. 

a 


a 

o,> 

bD 

a 

d 


d 

k. o 
-d d 


serves 


d 

t2 


a 

u 

k. 


d 

0,> 

k. 

a 



:2 

w C/5 

.5 w c3 ^ 



cJ 

!2 

a. 

o 



-b ^ 

cJ 

-5 



o 

-d 

V3 

<u 

-s 

>N 

-D 

d 



,S 

*5 

"d 

-Q 

d 

u 



o 

4-) 

.§ 

*d 

*d 

d 

t: 

o 

Q. 

Cl. 

O 



W) 

,S 

'd 

"d 

s 

t /3 

o 

0 

-6 

W 3 

i 3 

g 

■d 

1 

s 

w 

C/5 

d 

o 

o 



<U D 

^ -s 
-c >. 

-s ^ 

<U M 

3 U 

n ^ 

-D ^ 



•d 

i 

5 ^ feb 
^ 2 
& 

^ -d 
u d 



a. t: 
■d ^ 

s ^ 

=3 O 



W) 

c 



o 

■d 

d 

0 ,) 

>N 

'd 

d 

u 

d 

cr 



d 

o 

3 

e 

o 

u 

3 

o 

W) 

d 



-5 ^ 



1 1 

4 Ui 
> <U 

■! S 



u d 
w Uh 
cJ 

-S 3 

§ s 
£ ^ 
o I- 

U O 
H 

"o 
o 

■6 



3 

a. 



-d 






o 

d 

-d 

u 



B 

o 

u 

o 

-d 

d 

£ 

-d 

rd 

Jd 



-S 

rt 

£ 

-d 

u 

d 

£ 



s p 

^ t 

J2 5 

C 



to ^ 
O bO 

£ .£ 

^ "d 

J I 

Cl. 



o 

i.i 

S C 

d D 
Id -d 

a. ^ 

*2 t: 
.52 O 
”d Cl. 

S CO 

•s a 

d 

o y, 



o 

§ 

d 

-d 



cJ 



O 
d 
o 
■d 

<L) w w 



o 
£ Id 

I i 

Id <u 



"Sd 

d 

o 

a 

d 

B 



d 

£ 

-d 

7 d 

M 



o 

Cl. 

Cl. 

o 



1 



-S s 

^ -r1 

o I 2 



g ,£ 

bb a 



d 

*d 

Cl. 

1 ) 

u 

Ul 

1 ) 

Cl. 

_co 

b 

*d 

d 

£ 

£ 

o 



rt 

-d 



u 

d 

.£ 

g- 



o 

a 



&B 

a 

d 

-d 



— 4 

-s ^ 



d *n 



a 

a 

u 

bO 

d 

d 



■5 

rt 

£ 



lO 



"d 

rt 



bD a 


(U 




bD ‘ 


d 


§ s 


u 

d 

<u 

a 

CO 


y 

bb 

O 


§ 12 
o ^ 

^ rt 


rt 

jj 


2 c 


a 

C5 


i-i 

Cl. 


cJ 

-d ^ 


O 


^ o 


rt 


d 

o 


; <u 


CO 



-Q 

d 

Cl. 

o 

o 

PQ 



u 

C Ln 

.£ S 



-d 

<u 

N 

O 

E 

<i> 

£ 

d 

ri 

-d 



lU 

-d 



0 .) 

-O 

£ 

d 

d 



■d 

d 

cJ 

-d 

rt 

£ 

bJD 

.£ 

rt 

d 

E 

<L> 



-O 

£ 



Ji 

o 

-Q O 

CO 

£ ^ 



<u 

-d 



d 

nJ 

£ 

d 

-Q 



”d c 

<U (U 

a 2 

C jC 
<u u 



£ 

<L> 

o 

Cl. 

■d 

d 

nJ 



rt 

Jd 


o 


-b 


.£ 


a 




bD 

d 


i 3 

a. 

<u 


E 


o 

d 




o 


d 


u 



d 

o 



d 

d 

o 

u 

u 

cJ 

d 

3 

u 

d 

o 

a 



o 

flj d 



jd 

H 



bA 

O 



O 

O 

-O 



rt 

”d 

d 

rt 

O 

-S 

d 



o 

■| 

CO 

O 

-d 



o 

”d 



d 

d 

•(-) 

o 

Cl. 

Cl. 

o 

JJ 

‘d 

a 

£ 



”d 

CO 

o 

g- 



o 

-d 

d 

<L> 

k. 

’d 



o 

■| 

d 



£ 3 

“ '=1 

3 



o -d 

£ ^ 
£ a 

a. 

o 



”d 

d 

cJ 



d 

Cl. 

£ 

o 

u 

”d 



o 

■6 



"d 

£ 

Cl. 



o'' ^ Cl. 



o 

o 

-Q 

S 2 

a 

£ 

a 

-d 

bX) 

d 

o 



1 ) 



D 



S -Q 

s s 

bX) 4 . 

-d -b 

O 
£ 
£ 



-d 

o 

d 



-d 

o 

d 

o 

"d 



o 

o 

-d 



a 

d 

D 

k. 

'd 

rd 

-d 






13 

o 

O 

d 

*d 

c 3 
^ -3 

"o 3 
^ a 

J= d 

U .2 

kJ 

Z 

t;^ 



&C 1 ) 
• - Jd 

X H 



bX) 

O 

u 

"d 

o 

o 

bX) 



0 ^ 

<u 

d ^ 

1 Vd 

o a 
^ a 

d w 
■ Jd 

a 

d 
o 



a 



a n -2 



•= 3 

o a. 

d c 



£ G 

I I 

"d S 

s I 



^ d 
bX) £ 
O 

u 

£ a 

>s 

a 
.£ a 

*§ 

V 1 

s ^ 

Ji Jd 
o ^ 

?3 -3 



O 

O 

Jd 



-d d 

OJ H 
bX) ^ 

I s 

■i -g 

a d 

S o 
Cl. 

2 o 

a 

o d 

Jd S 
u S 

CO 

QJ 
rt 



g I 

I ^ I' 

g 



I 

1 



Jd 
<u u 
Cl. 
d 
o 



<u 

Jd 



"G 



oj :j 5 



£ .d 

^ i_l 



z 

-s 



ERIC 




LO 




Development in Preschool Children 



. ' - c 

« 

c "2 . 

c O • 

o-S 

c 

^ c 

j2 u 
u 

§■2 g 

u 13 ■§ 



« O' 

H *> 

Oh^ 

0 

1 

c 
o 
c 



ll 



,1/5 3 



G 

H 

IH 

15 

U 

CN 

(L> 

e 

(U 

-C 

H 



c 

Qh W5 

si 

u dj 



(L> C4_| (L> 



a rt 



3 S 



c3 rt E— ' 



rt 

d 

w <u 

cn ^ 

c S 

c i> 
(L> y 

s 



: ;-5 . ■ 

'Vi; 

c ; ^ 

tJ- $2 

bX) 42 '.2> 

c 12 .p 

'*5b3v’o ' 

i-i'Tjn CO 
C 'CJ flj 

W.,-C ■ 



J2 3 

u > 

§1 

u .5 

•s^ Vi 

C co 



c c 
^ o 

^ *5 



d> 



« _c 

-s 

12 l2 

-I-; 

^ 12 

c: -n -S 

o P - 
^ Si 

§■5 3 



3 5 

-J3 2 



''CO ” 

<U .2 s 

E S*g 

-S _c 
H ? -S 



to 

c 



3 

-Q 



^ 12 



12 "S 

<L> 

-C 



.2 

I 

^ rt 

(U <u 

I I 

s 1 
S ’c 

C r3 
o 

u ^ 

E 



(U 

-5 

3 

.P 



pS 



3 

O 

*3 

3 

3 

-o 

<u 

>^ 



a. 

d 

bO 

3 



O 



’n 

■B 

i 

CO 

U 

3 

.Si 

‘u 

(U 

CL. 



a 

c 



Yi 

■5 -S 



o 



tf) 



^ ‘5 



<u 

CL. 

P 



3 

.2 

*D 

f£ 

<U 



Q. 

3 

U ^ 

C -P 



o 

u 



3 

u 

<u 

15^ 

o 

-5 



•• CL. P 73 

r- ^ '-‘7 



0> 



>; n flJ n "P 

“ ^ 15 

u 



3 

CL. 

(U 

u 

3 

o 

u 



qj u 



J3 

u 



Oh 

(U 

u 

a 

o 






u 



I 







:S 












K 

R 

1 

■lo 



CO 

in 



o 

tn 




2 

O 

H 

< 

U 

D 

Q 

U4 

O 

o 

o 

2 

X 

u 

U4 

H 

Q 

2 

< 

CO 

u 

H 

< 

2 

U4 

X 

H 

< 

UJ 

U 

2 

U4 

u 

CO 

Q 

O 

O 

X 

Q 

X 

u 



ai 

< 

UJ 

2 

O 

UJ 

D 

O 

O 

< 



ERIC 








z 

< 

U4 

O 






I 

i s 

.2 -5 

s 

Ul *** 

Cli-O 
o Ji 

p's 

.3 "> 

•n t /3 

s " 

c ^ 

C "S) 

Jl 



13 

3 

Oh 



O, 

c 

o 

-d 

a> 

-Q 

O 

C 



nil 

a M ® 3 
3 .S ^ ^ 

3 o — H 
W) fa W) o 

S 4 H 2 



d 

.2 

*w 

U 

d 

-d 

c 



a. 

a. 



g.i 

^ tj 



W)'-C 

c <u 

5 vj 

O 3 

3 w) 
” -c 

u .s 8 .£P— 
^2 w)!3 o 

IIJ " ^ 



« I 

O CXi 



2 S3 

H (U 



c 

^ c 

^ 5 

d o 
C/D 13 



t: 2 

o -S 

.5 C H ^ 
c w §3 :d >, 
g CX 55 ^ -D 

.52 13 S 3 g 

grg -3 
.3 -D £i H 7d 
P C T 3 • jC 

3 S^ H ^ 

Z S' 



J- 

§3 

o I 

<U o 

3"^ 8 

l-s I 

3-bJ 

cd O "D 



g s 

js 

3 cx 

^ _c 

u -S 



c c >■ 
S. c’S 
S g.g 

Q 5 a 



1 :i 
I 



a 



o 

c 

X) 

-s 

1 

IB 

E 



q3 

C 

o 

u 

p. 



CX 

^ -S 

r4 ^ 



d 

3 

OJ 



o 

cx 

o 

C/) 

13 



■JH 


bO 


to 


CX 


3 


_o 


o 


*Oh 


"o 


u 

CX 


b 


IS 


cx 

ctf 

c 


o 

2 


ID 

u 

(D 



Crt 



rs 

^ 55 

-D ^ 

3 3 

^ e 

I ^ 

o t>X) 
-C « 

a 3 

C C 
<u ^ 

E 



cx O 

■— Gn 



2 
'o 

u 

-d 

s 
s 

B 

"C 

o 



<u 

-D 

X) 

to 

-d 

4> 

o 



i 

-d 

S' 

-C 

c 

o> 

jd 

d 

p 



Sd 



I I i 

g s 



>f ji I 

0 ,„ J 5 



OJ 

T3 I 

a -3 Ul. 

rt w Oh 

1 J 

jd <u X 

w H "i 

O "TS ^ 



C 

o 

u 

d 

-d 

c 

-C 

bX) 

d 

o 

-5 



OJ 

-S 



rt 

-S 

B 

^ 3 

Oh ^ 

<u ‘G 
G P 

O 




2 

u :i2 

o 13 

rt ^ 

U-H 

O rd 



O 

S' 

VO 

ON 

C\ 



•- ^-c 

2 -O c 

W <U 

d ^ c 

wj *-^ C 

<U M w 

rt rtf 

■5 



,<u C 

'-M qj 



u -d .y 



&> 

<U 

w 

S 

rtf 

R 

:§ 

§ 

c 

o 



<u 

"Oh 



0 

c S 

1 ^ 

1 § 

^ ■§ 

2 •- 

CX o 

rt tri 



n3 

d 

OJ 

b£) 

d 

o 

-d 

OJ 

-D 



-6 

b£» 

d 

d 

o 

X 



rtf 



/ bO 
rtf S 

S 3 

- d 

d cn 
OJ 



d 2 

2 3 

jj 

Ic "o 

u u 
52 ^ 

^ c 
-2 6 
=d P 



d 

4J _ 

uS - 

•S ° .a 

, Ul 

O 



O 

o 

.O Jd 

rtf CX 



|5 

P O 

3 “ 

. flJ 



Ctf 

CX 

3 -s 
8 .2 
o B 

<U 

^ JD 

^ 2 
Oh 
- d 
d 
o 
u 



uw u 

2 ^ 

3 0 

bJD 

1 i 



cx <r^ 

X) 

-5 ® 
2 



d 

o 

-O 

rtf 

d 

2 

c3 

3 

kH 

c2 

d 



-d 

d 

O 

CN 

GN 

GN 



-Q 



N 

0> 

cx 

b 



•15 

OJ 

u 

O 

w 

3 

<u 

<u 

vj 

O 

d 

o 

-d 

CO 

^d 

"o 

c3 

t 

Ul 

d 

,P 



o 

d 

o 

nd 

O 

CO 

13 

-Jd 

H 

"0 



-d 

o 



o 

to 



cc 

rtf 

CO 

<U 

^ 2 

i. - 

cx ^ 

CO 

"2 ° 

IS 






*co 

d 

ctf 

Oh 



-d 

d 

OJ 

d ij 

‘o o 
cx *-■ 

u a 

5 '3 
t: ~o 

O rtf 
Oh nd 

6 s 

3 g 

<P J-! 



O 



d 

o 



OJ 

cx 

2 

cx 



•-Ci 

c 

§ 

rtf 

-Jd 



cd 

-d 



d 

2 

*u 

U 

d 

-d 

G 



rt "u 
♦e >N 

3 

"0 
•-J (U 
4 j S 2 

3 ^ 

G y 

-S ^ 

.52 ^ 



5 u 

^ ^ ^ 



o 

-3 

d 

:s 



ERIC 



oo 

m 



<N 

yr\ 



2 

O 

H 

< 

U 

D 

O 

m 

> 

O 

O 

o 

2 

X 

u 

m 

H 

Q 

2 

< 

CO 

u 

< 

S 

U4 

X 

H 

< 

S 

ui 

U 

2 

UJ 

U 

CO 

O 

o 

o 

X 

o 



X 

o 

< 

UJ 



2 

O 

ui 

D 

O 

O 

< 

Q 








ing appearances, they are even able to reason about concepts that viruses and bacteria affect human physiology (Au and Romo 

are altogether non-obvious. Several scholars have recently begun 1998). That children are open to reasoning about these topics and 



that they do so with considerable accuracy, despite an impover- domain of physics, found that expert problem -solvers and 
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Regarding concept development, too, the child’s level of they are asked to come up with the category label for an 

sophistication varies markedly by content area (Keil 1989, in ambiguous item versus when they are asked to come up with a 

press). Chi, Feltovich, and Glaser (1981), focusing on the property inference for an ambiguous item that has been labeled 



the experimenter (Gelman et al. 1986). Children consider a that children only begin to incorporate theories as they gain expe- 
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wheeled bicycle, the problem turns out to be quite different. 
David Elkind is a professor in the Department of Child Development What you observe is that the young child focuses either upon 

at Tufts University in Medfard MA. 



pumping the bicycle s pedals and forgets to steer, or focuses upon a number to designate a rank or to establish an order. The num- 
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The third obstacle to the effective math, science, and technology is inborn; they all must be constructed using a great deal of time 

education of young children is that preschoolers have their own and effort. Young children have their own curriculum priorities. 



Perhaps Friedrich Froebel (1904), the inventor of the kinder- the keyboard, who seemed to appreciate their help. The teacher. 
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There are limits to what one can eflFectively teach young chil- often ask adults to give them numbers to add or subtract as 
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intricacies of brain growth. Even if the young brain is growing rap- schools to provide second-language learning in kindergarten and 
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often speak without accent and with the rhythm and intonation cles to effective math, science, and technology instruction in 

of a native speaker. This unquestioned capacity of young children early childhood. The first barrier is the futility of using reflective 

to learn a second language has prompted some parents and or logical analysis as a means of arriving at how young children 



learn. The second obstacle is the transductive nature of young References 
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vides meaningful and relevant learning experiences. These doc- 
Karen K. Lind is an associate professor of science education at the uments also reinforce Oakes’ (1990) observation that all 
Universily of Louisville. students, especially those in underrepresented groups, need to 



learn scientific skills such as observation and analysis at a very childhood, children actively engage in acquiring fundamental 
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adult or the child. Naturalistic experiences are those in which the to know when he or she is doing the appropriate things. Below are 
child controls choice and action; in informal experiences^ the child some examples of naturalistic experiences. 

chooses the activity and action, but adults intervene at some • Tamara takes a spoon from the drawer and says, “This 

is big.” Mom says, “Yes.” 



!indy (age 4) sits on the rug sorting colored rings into Structured Learning Experiences 
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Commonalities of Science and Mathematics what happens when they vary the steepness and length of the 
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dons for teacher, parent, and child. These types of mismatches shadows, which have been studied by Piaget (1930) and Feher 

often cause teachers to resort to telling the information in a and Rice (1987). Young children think of a shadow as an object. 
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cups, kitchen bowls, plastic glasses, and commercial nesting symmetry, sound construction, and aesthetics, 
toys for her ordering center. Throughout the week, children 
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All of these activities contribute to the overall development of • writing numerals, a visual-motor task, 

child’s spatial sense. In its 1989 Curriculum and Evaluation ® matching a number to a set, or the principle of 
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Finally, he encourages all students to participate, so they gain young childj ed. J.N. Payne, 111—131. Reston, VA: National 
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moved beyond simple questions to consider the implications of autism began to echo words for the first time while working at a 

computer (Schery and O’Connor 1992). However, such access is 
Douglas Clements is a professor in the department of learning and not always equitable across our society. For example, children 
instruction in the graduate school of education at the SUNY-Bufalo. 
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lum and technology innovations (Hohmann 1994). Effectively in comparison — the off-computer group — gained in all of these 

integrating technology into the curriculum demands effort, areas and improved their scores in verbal, problem-solving, and 

time, commitment, and, sometimes, even a change in ones belieE. conceptual skills (Haugland .1992). In addition, these children 



spent the least amount of time using the computers. A control on isolated facts. It emphasizes discussing and solving prob- 
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and computers to carry out mathematical procedures and in a different shapes. One group of five-year-olds was constructing 

world where mathematics is rapidly growing and is extensively rectangles. “I wonder if I can tilt one,” mused one boy. He 

being applied in diverse fields” (National Council of Teachers turned the turde with a simple mathematical command, “L 1” 

of Mathematics 1989). This vision ^^-emphasizes rote practice (turn left one unit), drew the first side, then was unsure about 




what to do next. He finally figured out that he must use the same Building Blocksf^: An Innovative 
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awareness of it was striking. Although the child had done this audience considerations. The demographics of this age range 

previously with toy cars, Logo helped him abstract a new and imply that materials should be designed for home, daycare, and 

exciting idea (Tan 1985). classroom environments and for children who have various back- 



grounds, interests, and ability levels. To reach this broad audience, ware design can and should have an explicit theoretical and empir-; 
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on-objects mirror the goal concepts and procedures, bur also By presenting concrete ideas in a symbolic medium, for exam- 
that they are embedded in tasks and developmentally appropri- pie, the computer can help bridge these two concepts for young 

ate settings (e.g., narratives, fantasy worlds, building projects). children. But are these manipulatives still “concrete” on the 



computer screen? One has to examine what concrete means. Sen- make sense of an idea. For example, at early stages, children cannot 
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physical manipulatives. son 1990). Students can break computer base- 10 blocks into 

It appears that there are different ways to define concrete single blocks, or glue these blocks together to form 10s. These 
(Clements and McMillen 1996). We define sensory-concrete actions are more in line with the mental actions that we want 

knowledge as that in which students must use sensory material to students to learn: They are childrens cognitive building blocks. 
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Edward Chittenden and Jacqueline Jones are with the Educational of many teachers, but new approaches to assessment could 

Testing Service in Princeton, NJ. Chittenden is a research psychologht, provide occasions for such reflection. 

Jones a research scientist. 



o 

ERIC 



2 

O 

H 

< 

U 

D 

Q 

pa 

>- 

O 

O 

o 

2 

X 

u 

PJ 

H 

Q 

2 

< 



U 

H 

< 

S 

pa 

X 

H 

<■ 

ua 

u 

2 

pa 

U 

c/5 

Q 

O 

O 

X 

a 

2 

U 



< 

pa 

2 

O 

pa 

D 

O 

O 

< 

5 



-o 

B 

B 



00 

3 ^ 



O 



CL, 

-5 

C 



-o 

o 

o 

=§ 



-d 

<u 

c 

W) 

’S 

"O 

^2 

c 



•t: c 



6J0 

CL C 



O 

O 

-s 



<u 

-5 

o 



C 

O) 



c/) 

(/) 

c/) 

CA 

< 



(A 



o 

Q. 



3 



O 

O 

.£ 



.£ 

u 



a; 

c 

a; 



<u 

'C 

CL 

o 

Im 

CL 

,B 



o ^ 

W iH 

^ I 

^ 5 



<L 



P -Q 



- E 



bO 

a 

cx 

CJ 



I 

CL 

oo 

O 

& 

d 

CL 

i-i 

d 

.P 



o 

CL 

t-H 

d 

CL 



c 

o 






c 

o 

u 

6 

o 



.2 -5 

i I 

^ S 
c S 

<L H 
-O C 
O 

^ s 

j:^ G 
u 



<L h 

O S 
CL .S S 






Z2 

*13 

-o 



3 - 

c/3 



O 

fr 

P 

CL 

L-, 

0 

.1 

1 

cJ 

<L 

E; 

<U 

00 

c 

<L 

s 



to 

.2 

■5 



nJ 

P 

cr 

<L 



s 

I- p 

-d 

LU pQ 



12 

3 

§ 

L-, 

o 

c 

13 



CO ^ 

12 (u 

C '0 

(u 1:^ 

P ^ 

S o 

S =^co 

CO P 

^ § 



p 

ly 

PC 

o 

Qq 

c 



CL 

O 



-d 

-d 



W) 

c 

3 

03 



W) 

c 



o 

<L 

C ^ 

c o 

3 £ 



<u 



-d 

3 o 

CO *3 



1 1 



c 

- 

a 3 

00 <U 

S 3 



W) 

p 



to 

c 

p 

3 

& 



-C 



P 

-d 

<L 

-d 

o 

o 



o o 






12 12 -T3 

CL C C C 

4> 4> d 

E E_^- 

(o CO -rt 

^ JG ?Q c 

y CO 00 oj 

B ^ ^ ti 



B ^ 



to 

c 



"d -p ^ ^ 

"T? = H ( i 



O 

§ I 

w 



tJX) 

C ,p 

^ I 

o 



O' 

3 

cJ 

12 

§8 

P 

00 

s 

(U 

-S 

S3 

E 



1 -S 

2 <L 

^ "P 
d _P 

^ c 

3 y 



^ S 
c " . 

(U CO 

£ I 

CO 



c 

rp 

JP 

u 



C 

.2 

'C 

S 

3 

c 

<L 

-d 






(u 72 



D 

■5 



J 

O 

> 

c 



c 

o 

*w 

rt 

-d 

c 

<L 

3 

£ 

o 



S .-TT' PC u 

§ ^ 3 



-a 

c 

3 



o 

CL 



C-l-l 



t)J0 

o 



.2 

I 

c 

o 

CL 

P 



.s 

£ 

(U 

3 

£ 



"a. 



w E 



'd 

o 

o 



p c 

C CO 



< -S 



g -f 



CL 

<U 

£■ 

o 



^ E 



"d 

c 

p 



W) 

c 



3 M 



c 

o 

CL 

P 



OJ CO 

a ^ 



00 

3 3 



8^ 

Cl 



(U 

3 

rt 

■5 



.P» 

C7N ' 



CL 

P 

O 

& 

b 

o 

CO 

3 



-D 

CL 



O 

CL 

E 



a. Ch 



3 

o 

O 

c 

o 



CL 

(U 

Jp 

PO 



3 

-d 



^ bJD 

3 .£ 

C M 

•n S 

U 

C 

3 

CO 
00 

S PM 

ti O 



1 



^co 

C 

-I 

rp 



3 

3 .£ .^ ^ 



^ *3 

S 

p 

3 



3 

c 

o 

Z 



c 

2 

3 



.vC^ 

c 

-i 



p ^ 






■6 -a 



s- 

C-M d 

o '- 
to 2 

I 

§ i 

CO CO 



^ \o 
R G^ 
.§ G> 

O 

<L G 
Jp p 
^ O 

£ U 

■ 1 

<L 

I 



c 

<L 

c 

'E 

Q. H 

g § 



G 

<o 

M 

c 

o 

u 



G 

'E 

M 

(U 

M 

<u 

T3 

CO 

O 

fr 

P 

CL 






S3 g ~§ 

55 O « 

I i"! 

£ CL ^ 

CL Co 

to 

G 



.R 



I 

.£ 

ti 

o 

CL 

p 



2 •- d siG 



u 

•B ^ 



CL 

<o 

3 



of the assessment; the methods of collecting evidence; and the interactive nature of teaching. The classroom science envisioned in 
nature of the possible consequences for individual students, Benchmarks for Science Literacy (American Association for the 



Advancement of Science 1 993) calls for interactive instruction, this son of evidence that teachers can rely upon when evaluating 
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their conversations; their questions; their actions; and the work Given this pattern of learning, indicators need to be collected on 

they produce, such as construaions, drawings, or writings. It is a regularly scheduled basis. For example, some portfolio assess- 
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Documentation as an Approach to Assessment experience that tends to remain unrecorded and, hence, not 
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observer notes. Other records can take the form of “experience Darryl: “You got to scrape the scales off and then cook it.” 

charts,” lists, etc. Full transcripts are not needed, but an effort Kate: “Was the other fish bigger in the book?” 

should be made to capture the key terms in any child’s statement. (Class thought the book fish was bigger.) 

Blair: “I had a fish that die.” 



Jennifer: “Fish will swim in the water.” Ashley H.: “It feels like my cousins fish. Its dead ‘cause it aint 
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science in childrens behavior may well be more problematic than Jones, ]., and Chittenden, E. (1995). Teachen perceptions of rating 
observing childrens development as readers and writers, in part an early literacy portfolio. Center for Performance Assessment 
because of the teachers own limitations of content knowledge. In Report MS# 95-01 . Princeton, NJ: Educational Testing Service. 
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DIALOGUE ON EARLY CHILDHOOD SCIENCE, MATHEMATICS, AND TECHNOLOGY EDUCATION 
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Goals Panel report recommends that teachers’ subject-matter At present, there is a large distinction between childcare workers 

knowledge and teaching skills in mathematics and science be in daycare situations and certified teachers in public or private 

strengthened. While litde research addresses the competencies of schools. Childcare workers have a wide range of credentials — 

early childhood teachers in mathematics and science, data collect- some have attended one or two workshops, and others are practi- 

ed from a four-year study revealed that early childhood teachers tioners with an associate or child development associate (CDA) 



credential. Certified teachers in public or private schools often sionalize teaching. Two of those recommendations discuss the 
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Integrated Standard No. 2: Experience Good of Professional Development Opportunities Situated 

Teaching in Mathematics and Science in a Learning Community 

No lecture, assigned readings, or observations can take the place All three sets of professional standards emphasize the importance 

of learning mathematics and science from an excellent teacher. of apprenticeship and mentoring experiences shared with both 



perienced and inexperienced teachers. In addition, teacher- Integrated Standard No, 6: Utilize Appropriate 





practice in effectively integrating appropriate curriculum. childhood teachers and their understanding of mathematics and 

science. All of these programs have taken place in the Houston, 
Texas, metropolitan area; education regions in Texas; or within 
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written and field-tested by classroom teachers and evaluated by study group as “a key professional development experience.” 
early childhood experts and mathematics teachers. Highly Another study group takes place in a highly respected daycare 
dependent on the effectiveness of the trainer, this program center in Houston. The teachers of three-, four-, and five-year-old 



children meet weekly to discuss readings specific to early child- toward mathematics and science, and the assessment of young 
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Student evaluations of this graduate class have been who have not yet begun the field-based methods courses or stu- 

extremely favorable; in fact, four other school districts in the dent teaching) spend all day at the school in three collaborative 



coaching sessions, one teaching modeling session, and one standard: establishing family partnerships. New and experienced 
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of Science 1989) concepts and skills in these content areas. 

In this paper, we have discussed the critical importance of pro- We have provided several examples of successful staff develop- 
fessional development for early childhood teachers due to the ment programs specifically designed for early childhood teachers. 



We created these programs to adhere to integrated professional advanced levels. Washington, DC: National Association for the 
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Some of the agencies, institutions, and groups that can be lack thereof, will influence the intensity, creativity, reach. 



[prehensiveness, and effectiveness of any SMT education including parents, providers of early childcare and education, 
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in the field, the debate has shifted from a question of whether or 

Rebecca S. New is associate professor of education at the University of when to instruct young children to one of how. Issues of equity 
New Hampshire. must assume a position of prominence as educators consider how 
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young childrens educational experiences have been document- based programs over the past two decades, in spite of a growing 
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is just part of the problem, however. Issues of inequitable access tiveness in achieving educational parity. 

to government-funded programs are joined by an overall decline Children entering preschool also bring with them evidence of 
in the perceived quality of numerous private and community- social and educational inequities. Even those children fortunate 
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longer seen as dichotomous to the role of play in childrens Expanded conceptions of developmentally appropriate prac- 
learning and development. tice have responded to the need to acknowledge the diversity of 



practices that may be appropriate for diverse populations of and to model the acceptance of competence in its diverse forms 
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GEMS, Lawrence Hall of Science. 1993. Once Upon a GEMS Hampton, Carol, and David Kramer. 1994. Classroom Creature 

Guide: Connecting Young Peoples Literature to Great Explo- Culture: Algae to Anoles. National Science Teachers Association. 
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ISSN 0044-0728. 

Teachers who are not mathematically inclined can learn 
enough math and enough about young children to become 
more satisfactory teachers of mathematics. 
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create fiin items. Provides students w^ith opportunities to 
discover things on their own. 
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Golden Books. New York. ISBN 0-6061 1-806-3. Examines the evolution of current principles and practices 

Comprehensive pocket guide for identifying rocks, in family support programs into mainstream institutions 

such as schools and the workplace. Discusses funding; local, 
state, and federal policies; and professional education. 
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Web Sites for Teachers and Families Franklin Instimte Science Museum, http://sln.fi.edu 
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